Objective: To use the natural experiment of health insurance reform in Massachusetts to study the impact of increased insurance coverage on ICU utilization and mortality. Design: Population-based cohort study. Setting: Massachusetts and four states (New York, Washington, Nebraska, and North Carolina) that did not enact reform. Patients: All nonpregnant nonelderly adults (age 18-64 yr) admitted to nonfederal acute care hospitals in one of the five states of interest were eligible, excluding patients who were not residents of a respective state at the time of admission. Measurements: We used a difference-in-differences approach to compare trends in ICU admissions and outcomes of in-hospital mortality and discharge destination for ICU patients. Main Result: Healthcare reform in Massachusetts was associated with a decrease in ICU patients without insurance from 9.3% to 5.1%. There were no significant changes in adjusted ICU admission rates, mortality, or discharge destination. In a sensitivity analysis excluding a state that enacted Medicaid reform prior to the study period, our difference-in-differences analysis demonstrated a significant increase in mortality of 0.38% per year (95% CI, 0.12-0.64%) in Massachusetts, attributable to a greater per-year decrease in mortality postreform in comparison states (-0.37%; 95% CI, -0.52% to -0.21%) compared with Massachusetts (0.01%; 95% CI, -0.20% to 0.11%). Conclusion: Massachusetts healthcare reform increased the number of ICU patients with insurance but was not associated with significant changes in ICU use or discharge destination among ICU patients. Reform was also not associated with changed inhospital mortality for ICU patients; however, this association was dependent on the comparison states chosen in the analysis. (Crit Care Med 2014; 42:763-770) 
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Dr. Lyon received support for article research from National Institutes of Health (NIH, F32 10762329) and received grant support from the Leonard Davis Institute, University of Pennsylvania (Pilot Grant). She received support for travel from the American Thoracic Society (ATS Travel Award 2012) and is employed by the Chester County Hospital. Her institution received grant support from the NIH (AHRQ F32). Dr. Wunsch received grant support from NIH. Dr expanding health insurance coverage may improve overall health (7, 8) , it may also lead to increases in healthcare use and costs and further exacerbate existing inefficiencies in the healthcare system (7, 9, 10) . ICU utilization and costs in the United States are already high relative to other nations, and although ICU care is not the sole driver of rising healthcare costs, curbing ICU costs through more efficient use is considered a key component of reducing overall healthcare spending (11) (12) (13) . The degree to which efforts to broaden access to health insurance increase ICU use and improve outcomes for those that experience critical illness remains unknown.
Information on the impact of changes in health insurance status is particularly important, given the passage of the Patient Protection and Affordable Care Act (ACA), which expands access to health insurance through several provisions modeled after the health insurance reform enacted by Massachusetts in July 2006. Massachusetts health insurance reform required all adults to purchase health insurance by July 1, 2007. Within 3 years, over 430,000 Massachusetts residents were enrolled in health insurance programs, reducing the percentage of uninsured residents in Massachusetts from approximately 10.9% to less than 6.3% (14) .
We sought to use the Massachusetts experience to anticipate the impact of the ACA on critical care use and outcomes in the United States. Prior studies of insurance expansion demonstrate increased outpatient and inpatient access to health services (7, 9, 10, 15) and decreased mortality (8) . Greater access not only increases an individual's opportunity to seek elective procedures that require ICU care but also allows for better preventive care, which may reduce the burden of comorbid illness and ultimately an individual's risk of death in the ICU. Individuals with insurance are also more likely to present earlier in the course of their illness when their acute illness severity is lower. These are only a few of the ways that gaining insurance may impact ICU use and reduce mortality. As such, we hypothesized that insurance reform would be associated with increased ICU use and reduced mortality among the critically ill. Additionally, because insurance status is associated with differences in hospital discharge practice among the critically ill (16) , we also examined the impact of insurance reform on hospital discharge location among ICU survivors in Massachusetts. Some of these results have been previously reported in the form of abstracts (17, 18) .
METHODS

Study Design
We conducted a retrospective cohort study using hospital discharge records from Massachusetts and four comparison states: New York, North Carolina, Nebraska, and Washington, for patients admitted from January 2003 to November 2009. Massachusetts differs from other states in several respects. It is densely populated with several urban areas, as well as rural areas. Compared with the national average, its population is highly educated, with a higher median household income and it has fewer racial and ethnic minorities (Tables S1 and S2, Supplemental Digital Content 1, http://links.lww.com/CCM/ A768). With this in mind, we selected comparison states, which overlap Massachusetts in population demographics, while also being broadly representative of the United States as a whole. These states also provide discharge records necessary to identify ICU admissions through the State Inpatient Databases (SID), a data clearinghouse maintained as part of the Agency for Healthcare Research and Quality's Healthcare Cost and Utilization Project. The SID are uniformly reported hospital discharge data that include demographics, diagnosis, procedure, and revenue codes, among other variables, for virtually all hospital discharges from participating states (19) . We linked SID datasets to population estimates for each three-digit zip code, the smallest geographic level available in the Massachusetts SID, based on U.S. Census data (Geolytics, Somerville, NJ). We also linked discharges to hospital characteristics from the American Hospital Association Annual Survey and the Healthcare Cost Information System (20) , including provider type (e.g., government vs private), service type (e.g., acute vs longterm care), total hospital beds, and total critical care beds.
Patient Selection
To capture patient populations potentially eligible under the insurance reform policy in Massachusetts, we limited the analysis to nonpregnant nonelderly adults (age 18-64 yr), admitted to nonfederal acute care hospitals in one of the five states of interest. We excluded people who were not residents of a respective state at the time of admission.
Variable Definitions
The initial health insurance reform legislation in Massachusetts went into effect in July 2006; however, residents were not mandated to purchase health insurance until July 1, 2007. Therefore, we considered the time period before July 2007 (January 2003-June 2007) as the prereform period and defined postreform as July 2007 through November 2009 (10, 14, 21) . Our study period, therefore, includes 54 months before and 29 months after the Massachusetts individual mandate.
The primary outcomes of interest were population-and hospital-based ICU use. We calculated the monthly population-based hospital and ICU admission rates, defined as the number of respective admissions per 10,000 population for each three-digit zip code by month. We defined the hospitalbased ICU admission rate as the proportion of hospitalizations admitted to the ICU. ICU admission was defined using billing claims as previously described (20) . Secondary outcomes were in-hospital mortality for all ICU patients. For survivors, we categorized discharge location as home with or without home health, skilled nursing or intermediate care, rehabilitation, hospice, or other.
Statistical Analysis
We aimed to isolate the effect of Massachusetts's health insurance reform on each of our outcomes. In our analysis of population and patient demographic and clinical characteristics, we used chi-square test for proportions, t tests for means, and analyses of variance for continuous variables. To examine unadjusted and adjusted results for our primary and secondary outcomes over time comparing Massachusetts and control states, we fit a series of regression models using a difference-in-differences analysis (22, 23) . These models attempt to adjust for secular trends that can bias estimated effects ( Table S3 , Supplemental Digital Content 1, http://links.lww. com/CCM/A768). All models employed generalized estimating equations (GEE) with robust variance estimates to account for clustering by three-digit zip code for our population-based outcomes and by hospital for the outcomes of hospital-based ICU admission, hospital mortality, and discharge disposition among survivors (24) . In models examining population-based admission rates, we adjusted for demographic characteristics at the three-digit zip code level, including race, gender, age, median income, and home ownership. In models examining hospital-based ICU admission rate, in-hospital mortality, and discharge disposition, we adjusted for multiple patient-level demographic and clinical covariates that might serve as potential confounders. We used these models to calculate the adjusted predictions for each year in a separate model that included year interacted with state as categorical variables and plotted them over time.
Sensitivity Analyses
We performed several sensitivity analyses to determine the robustness of our findings to different cohort and model specifications. To examine whether hospital closures over the study period may have accounted for our results, we repeated our analyses limiting the cohort only to hospitals open during the entire study period. We hypothesized that safety-net hospitals were likely to experience the greatest increase in patients gaining health insurance after reform and repeated our analyses after limiting the cohort to hospitals in the top quartile of Medicaid admissions before reform. In 2001, New York state expanded eligibility for Medicaid to childless adults with incomes up to 100% of the federal poverty level and parents with incomes up to 150% of the federal poverty level (25) . Given the recent evidence of decreased population-level mortality rates following Medicaid expansion in New York (8), we excluded New York from our comparison states, hypothesizing that Medicaid expansion in this state, although occurring prior to Massachusetts insurance reform, may attenuate differences in our outcomes of interest. We varied the modeling approach for in-hospital mortality by refitting models using a random effects (REs) linear probability model and logistic regression, where we separately accounted for clustering within hospital using either GEE or REs.
Statistical analyses were performed with SAS 9.2 (SAS Institute, Cary, NC) and Stata 12.0 (StataCorp, College Station, TX). All tests were two tailed, and p value of less than 0.05 was considered significant. This project used de-identified data and was exempted from human subjects review by the Institutional Review Boards for University of Pennsylvania and University of Michigan.
RESUlTS
Characteristics of the Patients Who Were
Admitted to ICU There were 2.1 million hospitalizations in Massachusetts and 11.5 million in comparison states from January 1, 2003, to November 30, 2009, eligible for analysis. A total of 259,240 (14.2%) and 1,562,869 (13.6%) of hospital discharges included an ICU stay in Massachusetts and comparison states, respectively. The proportion of uninsured ICU patients in Massachusetts in the postreform period declined compared with prereform (9.1% vs 5%, p < 0.001) but increased in control states (9.3% vs 10.2%). ICU patients in Massachusetts appeared to have greater severity of illness as evidenced by the higher proportion of individuals who were mechanically ventilated. ICU patients in the prereform compared with postreform period were otherwise similar in both Massachusetts and the comparison states with regard to general characteristic ( 
Population-level Hospital and ICU Admission Rates
In the adjusted population-based analyses, the per capita hospital and ICU admission rates in Massachusetts remained similar across the reform period (Fig. 1, A and B) . In our differencein-differences analysis, there was no significant difference in per capita ICU admission rates when comparing these changes in Massachusetts with those in comparison states (0.01 per year per 10,000 [95% CI, -0.19 to 0.21]) ( Table 2) .
ICU Admission Rates Among Hospitalized Patients
In the patient-level analysis, we found a nonsignificant net annual increase in ICU admission among hospitalized patients in Massachusetts of 0.25% (95% CI, -0.17 to 0.67) in the post-versus prereform period (Fig. 1c) . In our difference-indifferences analysis, there was no significant change in hospital-based ICU admission rates associated with Massachusetts health insurance reform ( Table 2) .
Mortality and Discharge Destination for ICU Patients
Risk-adjusted in-hospital mortality for ICU patients decreased similarly in both Massachusetts and comparison states across the insurance reform period (Fig. 2) . In the difference-in-differences analysis, Massachusetts reform was not associated with a change in mortality among critically ill patients (annual change 0.22%; 95% CI, -0.02% to 0.46%) ( Table 3) . For all discharge destinations among survivors, there were no significant differences in the trends seen in Massachusetts (Fig. S1 , Supplemental Digital Content 1, http://links.lww.com/CCM/A768) and no difference that could be attributable to insurance reform in our differencein-differences analysis ( Table 3) .
Sensitivity Analyses
There were no significant changes to our primary results upon limiting the analysis to hospitals open during the entire period nor to those in the top quartile of percent Medicaid ( 
DISCUSSION
Our study demonstrated that Massachusetts health insurance reform resulted in a significant reduction in the number of critically ill patients without health insurance. Despite the reduction in uninsured patients, we found no increase in ICU utilization as measured by ICU admissions per capita or ICU admissions per hospitalization and no changes in mortality or use of postacute care facilities among patients admitted to the ICU. In a sensitivity analysis excluding a comparison state because it had undergone Medicaid expansion prior to the study period, Massachusetts had increased in-hospital mortality among ICU patients following insurance reform accounting for changes in the control group in a difference-in-differences analysis.
These results contrast with those in related studies examining the impact of health insurance reform on healthcare utilization and outcomes. In a recent study examining Medicaid expansion through a randomized lottery in Oregon, hospital admissions increased by 30% in 1 year for those who gained insurance, an effect size that approximates the results of the Research and Development health insurance experiment from the 1970s (7, 9) . In Massachusetts, prior studies examining primary care and emergency department use found that Massachusetts health insurance reform was associated with an increase in primary care utilization (15) , a decrease in emergency department visits for low-severity conditions (21) and nonurgent conditions (26) , and a concomitant decrease in overall hospitalizations for preventable conditions (15, 27) .
Another study of Massachusetts health insurance reform found an increase in outpatient surgical referrals among lower income racial/ethnic minorities in the postreform period (10) . Although we saw no overall difference in ICU utilization in our population, small changes in admission rates may be masked by changes within the larger context of critically ill patients. For example, decreases in potentially preventable critical illness, such as asthma or diabetic ketoacidosis, may be offset by increases in discretionary critical care for elective surgical procedures. Furthermore, in ICUs that operate close to capacity, increased demand for critical care services may be difficult to measure. In such circumstances, greater demand may be reflected by spillover effects, such as moving patients out of the ICU to make room for sicker patients and delays in admission from the emergency department or the general wards, rather than increased overall utilization. Our study was not designed to examine such effects.
There are several possible explanations for the absence of changes in critical care-related mortality after Massachusetts health insurance reform we observed in our study. Although previous studies demonstrated that lack of health insurance is associated with increased mortality in critical illness, it could be that lack of health insurance may be a marker for other socioeconomic factors, such as unemployment or underemployment and poverty, and that acquiring health insurance does not counteract the negative impact of the nonmeasured socioeconomic factors for which it is proxy. In a recent study of Medicaid expansion, the reduction in adjusted all-cause mortality was not apparent until 5 years after the policy change (8) . In our study, it is possible that reform has not had sufficient time to alter rates of preventable ICU mortality through improved access to primary and preventable medical services, and longer follow-up may be necessary to see a change in these rates. Finally, our postreform period coincided with the financial recession beginning in 2008. Population changes in healthcare utilization in response to economic hardship may have mitigated potential benefit to gaining health insurance in the critically ill population.
The findings excluding New York state data suggest that estimates of change may be affected by the choice of comparison groups. Given prior findings that overall population-level (28) . As the number of ICU beds in the United States continues to increase and the population ages, critical care costs will also grow (29) . Balancing patients' need for critical care with the available resources is a policy challenge. Although we were unable to determine the impact of reform on ICU bed allocation, our study provides evidence that expanding access to health insurance alone may not significantly alter utilization through greater demand or create additional need for posthospital discharge resources. Instead of building more ICU beds in anticipation of rising demand, our results suggest that policymakers and health systems leaders should continue to focus on improving the efficiency of use of existing resources (13) .
The results of our study should be placed in the context of several limitations. First, we examined health insurance reform in Massachusetts, a state in which only 9% of individuals were uninsured prior to reform compared with the current national average of 17% (14) . Greater increases in insurance due to the ACA may magnify the results we observed in Massachusetts. In addition, the population in Massachusetts has a higher baseline socioeconomic status and less racial diversity than the national average, and the previously uninsured population in Massachusetts may not resemble the broader uninsured population in the United States, suggesting that the Massachusetts insurance reform experience may not be generalizable. Second, when examining ICU mortality, we were limited to in-hospital mortality, which fails to account for deaths that occur shortly after discharge (30, 31) . Third, our use of administrative data limited our ability to adjust for differences in severity of illness over time. Nevertheless, we used a difference-in-differences analysis to account for trends in severity of illness and in our outcomes over time in Massachusetts and comparison states. This approach should mitigate the impact of possible unmeasured confounding. Our analysis contrasted Massachusetts to several comparison states. Although this approach strengthens inference about the effect of Massachusetts reform on the studied outcomes, it is assumed that no concomitant changes to insurance reform occurred in the comparison states over the period of the study.
In conclusion, although the number of critically ill patients without health insurance decreased significantly after Massachusetts healthcare reform, our primary results show no significant changes in ICU utilization or change in utilization of discharge services for ICU survivors. We additionally found that health insurance reform had no significant impact on mortality for critically ill patients. Our results suggest therefore that health insurance expansion may not further exacerbate the projected shortage of critical care beds and providers.
